too 'hot' to be worn in summer months and it also has open sleeves, trouser cuffs and neck. The blackness of the neoprene is a visibility hazard in poor weather conditions and the thickness of the rubber makes limb flexion uncomfortable.
Following a shipboard investigation of working conditions at the outset of this project, these and other cold/wet protective clothing were tested to determine the relative advantages of differing fabric types, construction methods and design configurations. In subsequent laboratory tests the neoprene suit was modified, and the duck suit configuration was used to assess new fabrics, hood variations, sleeve and trouser cuff closures, and methods for achieving garment buoyancy.
A neoprene suit design ( Fig 1D) now evolved for sea trials has a greater interior volumeto take advantage of the natural bellows action of the rubber to increase air turnover. Inner elastication closes the trouser leg to the sea boot, and elastomeric wrist seals have been incorporated in the sleeve forearms. A narrower gauge rubber makes up the limb sections and separate headgear has been added to overlap the neck. Methods of increasing the visibility of the rubber surface are still being investigated.
Also for sea trials is a variation of the popular duck suit (Fig lE) . This is made up by welding a newly developed PVC-coated cotton with better handling and cold crack characteristics. Polyurethane-coated fabrics tested withstood cold conditions well but, not being weldable, gave seam leakage problems. Some cotton backings also wicked water badly. A plasticized nylon offered the possibility of a heat-sealed seam but the waterproof fabric surface rapidly deteriorated.
A foam-backed polyurethane-coated woven nylon lining has been used to provide garment buoyancy and thermal insulation. Wicking was a problem with an uncoated foam-backed knit nylon tested earlier. The lining hangs independently of the PVC outer layer and is open at the hem to enable running repairs to be made to the inner surface of both layers. This also provides an air pocket for additional buoyancy in the garment's upper section.
A soft-textured rubber-coated elastomeric fabric makes up inner wrist seals, which are set back and protected by the open sleeve cuff. In this manner, security of glove, its need to be donned/doffed frequently and easily, and the protection of the glove neck from direct water entry, have also been reasonably met. Elastication closes trouser cuff to sea boota solution not possible for the sleeve, as tight elastication tends to cause skin lesions developing to forms of dermatitis. A hood, as a separate piece of headgear, broadly overlaps the jacket collar, allowing a freedom of head rotation not possible with attached hoods. The physiological techniques used in assessing clothing are well documented and have been successfully used in the development of clothing for probably well over thirty years. However, the use of these methods has been limited to research establishments and they do not seem to have been taken up by the development departments of protective clothing manufacturers. The reasons for this are many but expense and the lack of suitably qualified staff are probably among the most important. Because of this the development of a clothing test methodology more suitable for industrial development laboratories was included with the assessment of the designs themselves.
Methods
The clothing designs already described were investigated using the physiological techniques of body temperature measurement, pulse rates, oxygen consumption and weight losses. In addition the temperature of the microclimate enclosed by the clothing and the rate of air exchange between the microclimate and the environment were measured. The latter was determined by a gas dilution technique in which nitrogen is introduced into the microclimate to dilute the oxygen and the rate at which the oxygen concentration returns to normal is measured (Fig 1) . The wind pressure at a number of wind speeds acting on the garments was determined and the rain penetration assessed. These last four tests could be done in any clothing development laboratory, being easy and quick but providing useful information.
Results
Polyurethane-coated nylon was found to be an unsatisfactory material for garments which were required to be waterproof. In three of the four garments water penetrated the seams and the material itself was also defective, actually letting water through in three cases. Although this material has desirable features, before it can be used for industrial garments at sea some technical problems in manufacture of both material and garments will have to be solved.
Two of the polyurethane-coated nylon garments made extensive use of elastication. The restrictive effect of this on the air exchange between the microclimate and environment was very easily identified using the gas dilution technique. In A smock and duck suit made of PVC-coated fabrics were tested. The smock was the warmer of the two garments, having significantly higher microclimate temperatures; this as well as cost and ease of dressing may account for its continued popularity, although it hampers leg movements and has the highest wind resistance of all the garments tested. Because ofthese drawbacks more attention has been devoted to the trousered garments, as it is considered that if they can be designed in such a way that they retain the advantages of the smock then their inherent mobility will result in the best all-round garment. Two of the garments had thermal insulation incorporated: one was a two-piece design, the other a one-piece foamed neoprene boiler suit. Physiological tests on the two garments demonstrated that the thermal insulation w4s effective. However, when the distribution of the subject's sweat between evaporated and that retained in the clothing was examined and compared withthat for the duck suit, it was found that the proportion retained in the clothing was significantly higher than that for a duck suit. What had happened, therefore, was that the objective of making the garment warmer had been achieved but at the expense of some other desirable feature, namely the ready evaporation of sweat. A re-design was therefore called for which normally would have meant more physiological tests. It is, however, possible to make comparative measurements of the rate of air exchange between the microclimate and the ambient air using the gas dilution technique. Doing this and treating the trunk and trousers as two compartments it was found that the trunks of the two garments had low rates of exchange. The effect of sizing was also checked by using a smaller subject and it was found that incorrect sizing of the two-piece garment was probably in part responsible for the diminution in sweat evaporation. The trousers of the two garments had higher rates of exchange, although below that ofthe smock.
Garments used by the fishermen now are negatively buoyant and some degree of positive buoyancy must be incorporated into any new design. The method we are adopting is to distribute the buoyancy over the whole garment. This avoids large pads of buoyant material and also contributes to the insulation provided by the garment. There are about 1 6 million workers employed in the construction industry and one million ofthese are employed in trades likely to involve a considerable amount ofoutdoor work.
A report on the incidence of incapacity for work through illness published by the Ministry of Social Security in 1965 showed that building site workers were 22% more likely to incur arthritis and rheumatism than the average British industrial worker and 18% more likely to incur bronchitis. It follows that there can be severe financial loss to the industry and the country from absence fromwork due to illness. It becameapparent that the main method of dealing with the situation was to design adequate weather-protective clothing and the Ministry of Public Building and Works decided to hold a national design competition for such clothing. The information gained during laboratory and site tests ofdifferent types of clothing was published by the Ministry of Public Building and Works in 1968.
